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(57) A method for measuring a relative thickness 
distribution of an organic thin film (161) for use in an 
organic electroluminescence device (1 6) comprises the 
steps of irradiating a predetermined region of the organ- 
ic thin film (161) with a light including an ultraviolet light 
(13), measuring the intensity of a fluorescence (14) pro- 
duced by the organic thin film (161) in response to the 
light irradiation (13), and obtaining a film thickness of 
the predetermined region from the intensity of the fluo- 
rescence (14). Further, an apparatus for measuring a 
thickness distribution for use in an organic electrolumi- 
nescence device (16) has means (11) for irradiating a 
predetermined region of the organic thin film (161) with 
a light including an ultraviolet light (13), means (12) for 
measuring the intensity of a fluorescence produced by 
the organic thin film (121), and means (20) for obtaining 
the film thickness of the predetermined region from the 
intensity of the fluorescence (14). 
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Description 



[0001] The present invention relates to a film thick- 
ness measuring method and a f ilm thickness measuring 
apparatus using fluorescence which is applicable to 
measurement of the film thickness of an organic elec- 
troluminescence device (hereinafter referred to as an 
organic EL device). 

[0002] Organic EL devices are rapidly coming into 
practical use, after an organic light emitting device hav- 
ing characteristics such as high luminance, low voltage 
drive, small size and high efficiency was published in 
Applied Physics Letters [51 (12), pp. 913 to 915 (1987)] 
in 1987 by C. W. Tang and S. A. VanSlyke. Tang et al. 
formed an ultra-thin film of an organic dye, thereby in- 
creasing the efficiency of the conventional organic light- 
emitting device by a factor of 10. Note that the organic 
dye they used can easily be processed into an amor- 
phous film. According to this report, an external quan- 
tum efficiency of 1% : a visual luminous efficiency of 1 .5 
InVW and a luminance of 1000 cd/m 2 are achieved with 
a driving voltage of 10 V or less. Furthermore, the re- 
duction of voltage is achieved by using a magnesium 
silver alloy having a relatively small work function as a 
cathode. Ten years have passed since the above report, 
and present organic EL deices have a higher efficiency 
and longer life, and matrix panels are also commercially 
available. 

[0003] The organic EL device has such characteris- 
tics as spontaneous luminance, thinness, low weight, 
high luminance and high efficiency and is expected as 
a next-generation flat-panel display. The basic configu- 
ration of an organic EL device is shown in FIG. 1 . In the 
organic EL device of FIG. 1 , a transparent electrode 2 
made of an electrode material transparent in a visible 
region such as ITO (Indium Tin Oxide) is formed on a 
transparent substrate 1 such as glass, quartz or a plastic 
film. This transparent electrode 2 has a thickness of 
about 1 00 nm, for example. On the surface of the trans- 
parent electrode 2, there are deposited a hole transport 
thin film 3 of about 50 nm made of a hole transport thin 
film material, and an electron transport light emittingthin 
film 4 of about 50 nm made of an electron transport light 
emitting thin film material. In addition, an upper elec- 
trode 5 having a thickness of about 50 nm to 200 nm is 
formed on the surface of the electron transport light 
emitting thin film 4. The organic EL device of FIG. 1 has 
a double layer structure, but recently, devices having 
multi layer structures, such as a three or four layer struc- 
ture have also been developed. 

[0004] As shown in FIG. 1 , the organic EL device has 
permeability in at least one of the electrodes in the vis- 
ible region, and has a configuration having an ultra thin 
organic film of about 100 nm (e.g., 3 and 4 of FIG. 1) 
between the electrodes 2 and 5 of the device. Its driving 
voltage characteristics largely depend upon the thick- 
ness of the organic thin film, meaning that obtaining uni- 
formity in thickness of the organic thin film within the sur- 



face has been a significant challenge. This is because 
nonuniforms of the film thickness caused during forma- 
tion of the organic thin film could lead to a reduced yield. 
If a film thickness distribution can be measured, espe- 
5 daily during film formation, and is fed back to a film form- 
ing apparatus, improvements in the uniformity of the film 
within the surface, will result, and the yield will be raised, 
reducing costs. 

[0005] To date various methods and apparatuses 
w have been used to measure the thickness during forma- 
tion or after formation of an organic thin film in an organic 
EL device. For example, in the organic EL device of FIG . 
1, the thickness may need to be measured during for- 
mation or after formation of the hole transport thin film 
15 3, and during formation or after formation of the electron 
transport light emitting thin f ilm 4 thereon. Regarding the 
principal methods of measuring the film thickness, a 
quartz oscillator method is widely used during film for- 
mation in vacuum, and a film thickness measuring meth- 
20 od using light interference in the film after formed, as 
they utilize nondestructive and noncontact methods. 
Further, when a film is formed by screen printing, spray- 
ing or application, the film thickness is normally meas- 
ured by use of, for example, light interference after film 

25 formation. 

[0006] To put it simply, the principle of measurement 
in accordance with the quartz oscillator method is that 
the natural oscillation of the quartz oscillator changes 
along with its mass change. In other words, it utilizes the 
30 fact that when a thin film is deposited on the quartz os- 
cillator, the same effects are simply produced as those 
of increased mass or thickness of the quartz oscillator 
if the mass of the thin film is sufficiently lower than the 
mass of the quartz oscillator, thus producing a natural 
35 oscillation frequency change proportionate to the mass 
change. 

[0007] In the film thickness measuring method using 
light interference, when the film is irradiated with a con- 
stant wavelength light, luminous flux which has perme- 
40 ated through the film, has been reflected on the bottom 
surface and returned up to the surface and luminous flux 
reflected on the film surface cause interference. By 
measuring prisms that have caused the interference 
and analyzing upper and lower peak positions of the in- 
45 terference, the film thickness can be obtained. 

[0008] However, the above quartz oscillator method 
is a method in which the thickness of the organic thin 
film on the transparent substrate is not directly ob- 
served, and the film thickness is estimated from depos- 
50 its accumulated on the quartz oscillator set in the same 
vacuum device. It is thus essentially impossible to di- 
rectly measure the thickness of the organic thin film 
formed on the transparent substrate. Therefore, it is im- 
possible to measure the film thickness distribution of the 
55 organic thin film formed for use in, for example, flat panel 
displays, in a nondestructive manner during a produc- 
tion process. Further such a disadvantage is caused 
that, when used simply to monitor the film thickness dur- 
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ing a production process, the quartz oscillator must be 
replaced, if the natural oscillation frequency of the 
quartz oscillator is significantly decreased due to accu- 
mulated deposits. 

[0009] On the other hand, when the film thickness 
measuring method using light interference is used, the 
film thickness distribution of the organic thin film on the 
substrate can be no n destructively measured, but the 
problem is that this is extremely complicated. 
[0010] The present invention overcomes the prob- 
lems described above, and its object is to provide, in the 
thickness measurement of an organic thin film for use 
in an organic EL device, a film thickness measuring 
method which enables thickness measurement of the 
organic thin film by use of a method in which the organic 
thin film is irradiated with light and the intensity of a flu- 
orescence emitted by the organic thin film is measured. 
[0011] According to an embodiment of the present in- 
vention, a method for measuring a relative thickness dis- 
tribution of an organic thin film for use in an organic EL 
device comprises the steps of: irradiating a predeter- 
mined region of the organic thin film with a light including 
an ultraviolet light; measuring the intensity of a fluores- 
cence produced by the organic thin film in response to 
the light irradiation; obtaining a film thickness of the pre- 
determined region of the organic thin film from the in- 
tensity of the fluorescence; and obtaining the film thick- 
ness distribution of the organic thin film from the film 
thickness of each region of the organiclhinfilm. Further, 
the above measuring method comprises the steps of: 
placing the organic thin film on an XY movable stage; 
and scanning light irradiated positions in the organicthin 
film by the XY movable stage. 

[0012] According to another embodiment of the 
present invention, a method for measuring a relative 
thickness distribution of an organic thin film for use in 
an organic EL device comprises the steps of: irradiating 
the organic thin film with a light including an ultraviolet 
light; measuring, by a two-dimensional sensor, the in- 
tensity of a fluorescence produced by each portion of a 
measurement region of the organic thin film in response 
to the light irradiation; obtaining the film thickness of 
each portion of the organic thin film from the measured 
intensity of the fluorescence; and obtaining the film 
thickness distribution of the organic thin film from the 
film thickness of each portion of the organic thin film. In 
the measuring method, the two-dimensional sensor is a 
two-dimensional CCD sensor. 

[001 3] Furthermore, a method for forming an organic 
thin film by a vacuum deposition method comprises the 
step of: measuring a film thickness by any of the above 
measuring methods to control the thickness of the or- 
ganic thin film. Alternative ly : a method for forming an or- 
ganic thin film by a spin coat method comprises the step 
of: measuring a film thickness by any of the above meas- 
uring methods to control the thickness of theorganicthin 
film. Alternatively, a method for forming an organicthin 
film by a spray coat method comprises the step of: 



4 

measuring a film thickness by any of the above meas- 
uring methods to control the thickness of the organic thin 
film. 

[0014] According to a further embodiment of the 
5 present invention, an apparatus for measuring a relative 
thickness distribution of an organic thin film for use in 
an organic EL device has: means for irradiating a pre- 
determined region of the organic thin film with a light 
including an ultraviolet light; means for measuring the 
10 intensity of a fluorescence produced by the organic thin 
film; and means for obtaining the film thickness of the 
predetermined region from the intensity of the fluores- 
cence; wherein the film thickness distribution of the or- 
ganic thin film is obtained from the thickness of each 
15 region of the organic thin film. Further, the above meas- 
uring apparatus further has an XY movable stage for 
mounting the organic thin film thereon, and enabling 
light irradiated positions in the organic thin film to be 
scanned. 

20 [0015] According to another embodiment of the 
present invention, an apparatus for measuring a relative 
thickness distribution of an organic thin film for use in 
an organic EL device has: means for irradiating a meas- 
urement region of the organic thin film with a light includ- 
es ing an ultraviolet light: meansformeasuringthe intensity 
of each fluorescence produced by each portion of the 
organic thin film; and means for obtaining the film thick- 
ness of each portion of the measurement region from 
the intensity of each fluorescence; wherein the film 
30 thickness distribution of the organic thin film is obtained 
from the film thickness of each portion of the organic thin 
film. Further, in the film thickness measuring apparatus, 
the means for measuring the intensity of each fluores- 
cence is a two-dimensional CCD sensor. 
35 [0016] Furthermore, in an apparatus forforming an or- 
ganic thin film by a vacuum deposition method, a film 
thickness is controlled by a thickness control device for 
the organic thin film connected to any of the above 
measuring apparatuses, and in an apparatus for form ing 
40 an organic thin film by a spin coat method, a film thick- 
ness is controlled by a thickness control device for the 
organic thin film connected to any of the above meas- 
uring apparatuses, and yet in an apparatus tor forming 
an organicthin film by a spray coat method, a film thick- 
45 ness is controlled by a thickness control device for the 
organic thin film connected to any of the above meas- 
uring apparatuses. 

[0017] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
50 vention may also be a sub-combination of these de- 
scribed features. 

[0018] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

55 

FIG. 1 is a diagram showing a cross section config- 
uration of an organic EL device; 
FIG. 2 is a conceptual diagram of a fluorescence 
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film thickness measuring apparatus in a first em- 
bodiment of this invention; 

FIG 3 is a conceptual diagram of the fluorescence 
film thickness measuring apparatus in a second 
embodiment of this invention; 
FIG 4 is a conceptual diagram of the fluorescence 
film thickness measuring apparatus in a third em- 
bodiment of this invention; 

FIG 5 is a conceptual diagram of the fluorescence 
film thickness measuring apparatus in a fourth em- 
bodiment of this invention; 

FIG 6 is a conceptual diagram of the fluorescence 
film thickness measuring apparatus in a fifth em- 
bodiment of this invention; 

FIG 7 is a diagram showing the measurement re- 
sults of an in-surface distribution of film thickness 
according to the first embodiment; 
FIG 8 is a conceptual diagram of the fluorescence 
film thickness measuring apparatus in a sixth em- 
bodiment of this invention; 

FIG 9 is a diagram showing the measurement re- 
sults of the in-surface distribution of film thickness 
according to the sixth embodiment; 
FIG. 1 0 is a film forming apparatus of this invent.on; 

and 

FIG. 11 is a film forming apparatus of this invention. 

[00191 The present invention will hereinafter be de- 
scribed in detail in accordance with specific embodi- 
ments shown in the accompanying drawings. In the de- 
scription of the embodiments below and the illustration 
in the drawings, like reference numerals indicate like el- 

r00201 S FIG 2 shows a first embodiment of this inven- 
tion and there are provided a pin hole 15 disposed be- 
tween an ultraviolet light source 11 disposed under an 
organic EL device 1 6 and the organic EL device 16 and 
a ohotodetector 12 disposed above the organic EL de- 
vice 1 6. The pin hole 1 5 may be disposed between the 
organic EL device 16 and the photodetector 12. An ul- 
traviolet light protection filter 18 may be provided be- 
tween the organic EL device 16 and the photodetector 
12 as needed. 

[00211 As the ultraviolet light source 11 , it is possible 
to use a light source capable of releasing an ultraviolet 
light such as a fluorescent test light, xenon lamp, deu- 
terium lamp or nitrogen laser, having a wavelength to 
excite organic materials constituting the organic EL de- 
vice 16 preferably a wavelength of 200 nm to 380 nm. 
For the photodetector 12, a photodiode, a phototrans.s- 
tor a multichannel spectroscope and a CCD sensor are 
available, for example. By disposing the organic EL de- 
vice on an XY movable stage 22, it is possible to readily 
measure a film thickness distribution within a surface. 
For example, an interference filter having a plurality of 
transparent dielectric thin film layers with different re- 
fractive indices optical thickness of which is on a leve 
of the wavelength can be used for the ultraviolet light 



protection filter 18. In this case, it is possible to use a 
long wavelength pass light filter for shutting off the irra- 
diated ultraviolet light, or a band pass lightf.lter for main- 
ly allowing only excitation light inherent in each orgamc 
material to pass. 

[0022] An organic thin film 161 is irradiated with an 
ultraviolet light 13 emitted from the ultraviolet light 
source 11 through the pin hole 15. The size of the pin 
hole 15 is determined in accordance with each evalua- 
tion region of the film thickness, and the diameter of 
which is desirably about 1 0 nm to 1 000 um, for example. 
The organic thin film 161 thereby produces a fluores- 
cence 1 4 inherent in the organic material, and the inten- 
sity of the fluorescence is detected by the photodetector 
12 For example, the relationship between the fluores- 
cence intensity and the f ilm thickness is previously ob- 
tained by way of experiment, and the fluorescence in- 
tensity which has been measured in a film thickness 
measurement portion 20, such as a digital multimeter, 
having a memory (not shown) for storing the relation- 
ship is converted into a f ilm thickness, thereby obtaining 
the film thickness for each evaluation region. Further, 
the film thickness measurement portion 20 can also be 
constituted to have a CPU (not shown) for correspond- 
ing the measured f ilm thickness with each scanning po- 
sition based on the XY movable stage, so as to derive 
an in-surface distribution of the thickness of the organic 
material thin film. Especially in the first embodiment, the 
ultraviolet light 13 is applied vertically from a lower side 
to the organic thin film 1 61 , as shown in FIG. 2, so that 
the irradiation area can be accurately limited in the di- 
rection of the thin film thickness, thereby enabling highly 
accurate film thickness measurement. 
[00231 Generally, the organic EL device is laminated 
with a plurality of different organic thin films. In this case 
it is possible to obtain the thickness separately for each 
organic thin film by applying waveform separation to a 
fluorescence spectrum of each organic thin film and ob- 
taining a spectrum intensity corresponding to each of a 
plurality of laminated films. In addition, when, for exam- 
ple the film thickness of the organic EL device shown 
in FIG 1 is to be evaluated, a plurality of filters are re- 
spectively provided which have such a permeation band 
that allows only the inherent fluorescence emitted by 
each of thin film layers 3 and 4 to pass, and these filters 
are sequentially interchanged and used, thereby ena- 
bling the thickness of the plurality of thin film layers 3 
and 4 to be separately measured. 
[00241 An example of measurement in the first em- 
bodiment will be described below. In this case, the thin 
film layer to be evaluated has one layer. A mixture of 
polyvinylcarbazole and a coumarin pigment is applied 
onto a glass substrate on which a film of indium tin ox.de 
(hereinafter referred to as ITO) is formed by a spray 
method usually used for film formation, from a dichlo- 
roethane solution in which polyvinylcarbazole and the 
coumarin dye are mixed. It should be noted that, for 
forming a thin film for use in the general organic EL de- 
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vices including the above organic material mixture, it is 
possible to apply a vacuum deposition method or a spin 
coat method known to those skilled in the art as a normal 
film formation method, in addition to the above spray 
coat method, depending upon the kind of organic mate- 
rial. 

[0025] Therefore, it is possible to use a vacuum dep- 
osition apparatus 201 , spin coat apparatus 202 or spray 
coat apparatus 203, as a film forming apparatus 200, in 
conformity with the properties of the organic material for 
film formation (e.g., refer to FIG. 10, 11). The spin coat 
method is a method in which, for example, while the 
transparent substrate is rotated, an organic material in 
a liquid form to be formed into a film is dropped onto the 
surface of the transparent substrate, thereby forming an 
organic thin film having a desired thickness. The spray 
method is a method in which., for example, an organic 
material in a liquid form to be formed into a film is loaded 
into an injection portion 23' of a spray apparatus, and 
the organic material is sprayed onto the surface of the 
transparent substrate so as to form an organic thin film 
having a desired thickness. The thickness of a coating 
film by the simple spray method used in this embodi- 
ment is supposedly thicker directly under the spray, and 
this with distance therefrom. 

[0026] ITO does not produce fluorescence by the ir- 
radiation of ultraviolet light, and a green fluorescence 
derived from the coumarin dye is observed by irradiating 
the coating film of the mixture of polyvinylcarbazole and 
the coumarin dye with ultraviolet rays. 
[0027] A fluorescent test light (FI-3L manufactured by 
Toshiba Corporation) is placed as the light source 1 1 un- 
der the organic EL device 16, and a fiber multichannel 
spectroscope (S2000 manufactured by Ocean Optics 
Corporation) is placed as the photodetector 12 above 
the organic EL device 16. The intensity of the fluores- 
cence and fluorescence spectrum measured by the fiber 
multichannel spectroscope are displayed, for example, 
chronologically on a screen of a personal computer (not 
shown) constituting the measurement portion 20, and 
can be stored in its storage portion. In addition, the pin 
hole 15 and the ultraviolet light protection filter 18 are 
placed between the back light 11, which is the light 
source, and the multichannel spectroscope 12. 
[0028] The transparent substrate on which the organ- 
ic thin film is formed is placed on the XY movable stage, 
and the in-surface distribution of the fluorescence inten- 
sity is measured every 2 mm. From the relationship be- 
tween the fluorescence intensity and the film thickness 
previously obtained, the in-surface distribution of the 
thickness of the organic material thin film can be meas- 
ured. The measured thickness in-surface distribution of 
the coating film made of the mixture of polyvinylcarba- 
zole and the coumarin dye is shown FIG. 7. The vertical 
axis indicates the film thickness in arbitrary units. Since 
the organic material thin film is made by coating in ac- 
cordance with the spray method in this embodiment, 
such a state is shown that the film thickness is thicker 



directly under the spray at a central portion and be- 
comes thinner as the distance increases from the posi- 
tion directly under the spray. 

[0029] Furthermore, when the organic thin film is pro- 

5 duced by deposition, by placing a measurement system 
shown in FIG. 2 in the vacuum deposition apparatus 201 
and measuring the fluorescence intensity of the organic 
thin film at the same time as the organic thin film depo- 
sition , the film thickness can be controlled by a film thick- 

10 ness control portion 21 such as a personal computer. 
The film thickness control portion 21 transmits a control 
signal, on the basis of the time-related change of the 
film thickness, to a power source (not shown) of a dep- 
osition source 23 and a shutter controller (not shown), 

15 which is normally used with the deposition source, for 
controlling the passing amount of the organic thin film 
material, thereby allowing the deposition rate and com- 
pletion of the deposition at a target film thickness to be 
controlled. In this case, the film thickness can be con- 

20 trolled by measuring the film thickness at one place or 
a plurality of places previously designated. Alternatively, 
the film thickness distribution is measured on the entire 
organic thin film as required, and film formation condi- 
tions are evaluated on the basis of the measurement 

25 results, whereby the film thickness can also be control- 
led. 

[0030] FIG. 3 shows a second embodiment of this in- 
vention, and there are provided a lens system 17 dis- 
posed between the ultraviolet light source 11 disposed 

30 under the organic EL device 1 6 and the organic EL de- 
vice 16, and the photodetector 12 disposed above the 
organic EL device 16. The ultraviolet light protection fil- 
ter 18 may be provided between the organic EL device 
16 and the photodetector 12 as needed. It should be 

35 noted that the film thickness measurement portion 20 
and the film thickness control portion 21 are not illustrat- 
ed in FIG. 3 to FIG. 6. 

[0031] As the ultraviolet light source 11 , it is possible 
to use a fluorescent test light, xenon lamp, deuterium 

40 lamp or nitrogen laser, having a wavelength which ex- 
cites the organic material 161 constituting the organic 
EL device 1 6, preferably a wavelength of 200 nm to 380 
nm. For the photodetector 12, a photodiode, phototran- 
sistor and multichannel spectroscope are available, for 

45 example. 

[0032] By disposing the organic EL device 16 on the 
XY movable stage 22, it is possible to readily measure 
the film thickness distribution within the surface. The or- 
ganic thin film 161 is irradiated with the ultraviolet light 
so 13 emitted from the ultraviolet light source 11 through 
the lens system 17. FIG. 3 shows the case where one 
lens is used, but a lens system combining a plurality of 
lenses can be used as necessary. 

[0033] By condensing the ultraviolet light 1 3 using the 
55 lens system 17, it is possible to excite in a narrower 
range, so that the resolution within the surface during 
the film thickness distribution measurement will be im- 
proved. The organic thin film 1 61 produces the fluores- 
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cence 14 inherent in the organic material in a minute 
area, owing to the condensed ultraviolet light irradiation, 
and the photodetector 12 detects the fluorescence in- 
tensity in this area. The diameter of the condensing por- 
tion is desirably about 10 ^m to 1 000 urn, for example. 
Generally, the organic EL device is often laminated with, 
for example, three or four layers of different organic thin 
films. In this case, it is possible to separately obtain the 
film thickness in the minute area of the organic thin films 
made of different materials by applying waveform sep- 
aration to the fluorescence spectrum of each organic 
thin film by a general spectrum waveform separating 
means, or by sequentially and separately obtaining the 
peak spectrum intensity corresponding to each organic 
film. 

[0034] Furthermore, when the organic thin film is pro- 
duced by deposition, as in the first embodiment, by plac- 
ing the measurement system in the vacuum apparatus 
and measuring the fluorescence intensity of the organic 
thin film as described above, the deposition rate and the 
film thickness can be controlled. 

[0035] FIG. 4 shows a third embodiment of this inven- 
tion, and there are provided the pin hole 15 disposed 
between the ultraviolet light source 11 disposed above 
the organic EL device 1 6 and the organic EL device 1 6, 
and the photodetector 12 disposed above the organic 
EL device 16. The pin hole 15 is set between the ultra- 
violet light source 11 and the organic EL device 16 in 
the embodiment shown in FIG. 4, but instead of this, the 
pin hole 15 may be disposed between the organic EL 
device 16 and the photodetector 12. The ultraviolet light 
protection fitter 1 8 may be provided between the organic 
EL device 1 6 and the photodetector 2 as needed. 
[0036] As the ultraviolet light source 11 , it is possible 
to use a fluorescent test light, xenon lamp, deuterium 
lamp or nitrogen laser, having a wavelength to excite the 
organic materials constituting the organic EL device 16, 
preferably a wavelength of 200 nm to 380 nm, as in the 
first embodiment. For the photodetector 12, the photo- 
diode, phototransistor and multichannel spectroscope 
are available, for example. By disposing the organic EL 
device on the XY movable stage 22, it is possible to 
readily measure the film thickness distribution within the 
surface. As compared with the first and second embod- 
iments, it is possible to eliminate the influence of the 
transparent substrate (e.g. : refer to 1 of FIG. 1)on which 
the organic thin film 161 is directly disposed and the in- 
fluence of the transparent electrode (e.g. ; refer to 2 of 
FIG. 1 ) disposed between the transparent substrate and 
the organic thin film 1 61 , since the organic thin film 1 61 
is directly irradiated with the ultraviolet light from above 
the organic EL device 16. 

[0037] The organic thin film 161 is irradiated with the 
ultraviolet light 13 emitted from the ultraviolet light 
source 11 through the pin hole 15. The organic thin film 
161 thus produces the fluorescence 14 inherent in the 
organic material, and the photodetector 12 detects its 
fluorescence intensity. Generally, the organic EL device 



10 

is often laminated with different organic thin films. In this 
case, it is possible to separately obtain the thickness of 
each organic thin film by applying waveform separation 
to the fluorescence spectrum of each organic thin film 
5 by proper spectrum separating means and obtaining the 
spectrum intensity of each film. 

[0038] Furthermore, when the organic thin film is pro- 
duced by deposition, as in the first embodiment, by plac- 
ing the measurement system in the vacuum apparatus 

10 and measuring the fluorescence intensity of the organic 
thin film at the same time as the organic thin film depo- 
sition, the film thickness can be controlled. The time- 
related change of this fluorescence intensity or the film 
thickness is fed back to the power source (not shown) 

15 of the deposition source and the shutter controller, which 
is normally used with the deposition source, for control- 
ling the passing amount of the organic thin film material, 
thereby allowing the deposition rate and completion of 
the deposition at a target film thickness to be controlled. 

20 [0039] FIG. 5 shows a fourth embodiment of this in- 
vention, and there are provided a lens 17 disposed be- 
tween the ultraviolet light source 1 1 disposed above the 
organic EL device 1 6 and the organic EL device 1 6, and 
the photodetector 1 2 disposed above the organic EL de- 

25 vice 16. The ultraviolet light protection filter 1 8 may be 
provided between the organic EL device 1 6 and the pho- 
todetector 12 as needed. 

[0040] As the ultraviolet light source 11 , it is possible 
to use a fluorescent test light, xenon lamp, deuterium 

30 lamp or nitrogen laser, having a wavelength to excite the 
organic materials constituting the organic EL device 1 6, 
preferably a wavelength of 200 nm to 380 nm, as shown 
in the embodiments described above. Also, for the pho- 
todetector 12 ; the photodiode, phototransistor and mul- 

35 tichannel spectroscope are available, for example. By 
disposing the organic EL device 1 6 on the XY movable 
stage , it is possible to readily measure the film thickness 
distribution within the surface. 

[0041] The organic thin film 1 61 is irradiated with the 
40 ultraviolet light 13 emitted from the ultraviolet light 
source 1 1 through the lens 1 7. By condensing the ultra- 
violet light with the lens 17, it is possible to excite in a 
narrower range, so that the resolution within the surface 
during the film thickness distribution measurement will 
45 be improved. The organic thin film 161 thus produces 
the fluorescence 1 4 inherent in the organic material, and 
the photodetector 12 detects its fluorescence intensity. 
Generally, the organic EL device is often laminated with 
different organic thin films. In this case, it is possible to 
so separately obtain the thickness of each organic thin film 
by applying waveform separation to the fluorescence 
spectrum of each organic thin film and obtaining the 
spectrum intensity of each film. 

[0042] Furthermore, as in the third embodiment, by 
55 placing these in the vacuum apparatus and measuring 
the fluorescence intensity of the organic thin film at the 
same lime as the organic thin film deposition, the film 
thickness can be controlled. The time-related change of 
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this fluorescence intensity or the measured film thick- 
ness is ted back to the power source of the deposition 
source and the shutter controller thereby allowing the 
deposition rate and completion of the deposition at a tar- 
get film thickness to be controlled. 5 
[0043] FIG. 6 shows a fifth embodiment of this inven- 
tion. Such a case is shown that, instead of the pin hole 
15 in the first embodiment shown in FIG. 2, or the les 
system in the second embodiment shown in FIG. 3, an 
optical fiber 19 is used to apply the ultraviolet light. In 
this case, it is preferable to use the ultraviolet light such 
as laser light that moves straight. 
[0044] FIG. 8 shows a sixth embodiment of this inven- 
tion, and there are provided the ultraviolet light source 
11 disposed under the organic EL device 16 and a two- 
dimensional sensor 8 typically used, such as a two-di- 
mensional CCD sensor, disposed above the organic EL 
device 16. The ultraviolet light protection filter may be 
provided between the organic EL device 1 6 and the two- 
dimensional sensor 8 as needed. As the ultraviolet light 
source 1 1 , a light source is used which is capable of re- 
leasing the ultraviolet light, such as the fluorescent test 
light, xenon lamp, deuterium lamp or nitrogen laser, hav- 
ing a wavelength to excite the organic materials consti- 
tuting the organic EL device 1 6, preferably a wavelength 
of 200 nm to 380 nm. 

[0045] For the two-dimensional CCD sensor 8, a dig- 
ital still camera can be used, for example. Further, by 
placing these in the vacuum apparatus and measuring 
the fluorescence intensity of the organic thin film at the 
same time as the organic thin film formation, the film 
thickness can be controlled. To be specific, for example, 
the time-related change of the fluorescence intensity or 
the time-related change of the obtained film thickness 
is fed back to the power source of the deposition source 
and the shutter controller (not shown) to control the dep- 
osition rate, and further a film thickness control device 
(not shown) for terminating the film thickness formation 
at a target film thickness is provided, thereby enabling 
the film thickness control. 

[0046] The organic thin film 161 is irradiated with the 
ultraviolet light 13 emitted from the ultraviolet light 
source 11 . It is understood that the resolution within the 
surface during the film thickness distribution measure- 
ment is determined by the resolution of the two-dimen- 
sional CCD sensor 8 and measured area of each meas- 
ured portion. The organic thin film 1 61 produces the flu- 
orescence 14 having a wavelength inherent in the or- 
ganic material by the irradiation of the ultraviolet light 
1 3, and the two-dimensional CCD sensor 8, which is the 
photo detect or, detects the fluorescence intensity of 
each portion. A two-dimensional distribution picture of 
the fluorescence intensity obtained from the two-dimen- 
sional CCD sensor 8 undergoes image processing, and 
is digitalized, whereby the film thickness distribution 
within the surface can be measured. Generally, an op- 
tical lens (not shown) for forming the fluorescence ob- 
tained from the two-dimensional CCD sensor 8 into an 



image is provided between the two-dimensional CCD 
sensor 8 and the organic thin film 1 61 . 
[0047] The sixth embodiment will further be described 
concretely. The mixture of polyvinylcarbazole and the 
coumarin dye is applied onto the glass substrate on 
which a film of indium tin oxide (ITO) is formed by the 
spray method from the dichloroethane solution in which 
polyvinylcarbazole and the coumarin dye are mixed. 
The thickness of the coating film by the spray method is 
supposedly thicker right under the spray and becomes 
thinner as the distance increases from the position right 
under the spray. ITO does not produce fluorescence by 
the irradiation of the ultraviolet light, and a green fluo- 
rescence derived from the coumarin dye is observed by 
irradiating the coating film of the mixture of polyvinylcar- 
bazole and the coumarin dye with the ultraviolet light. 
[0048] The fluorescent test light (FI-3L manufactured 
by Toshiba Corporation) is placed as the light source 11 
under the organic EL device 1 6, and a digital still camera 
(DSC-F55 manufactured by Sony Corporation) is 
placed as the photodetector 12 above the organic EL 
device 16. Image analysis is applied to a picture of the 
coating film showing the fluorescence picked up by the 
digital still camera, thus displaying the distribution of the 
fluorescence intensity in three dimensions. The in-sur- 
face distribution of the film thickness is measured from 
the fluorescence intensity. The measured film thickness 
in-surface distribution of the mixture of polyvinylcarba- 
zole and the coumarin dye is shown in FIG. 9. The unit 
in a horizontal direction is nm, and the film thickness 
(vertical direction) is given an arbitrary scale. It is pos- 
sible to control to obtain a predetermined thickness by 
measuring the relationship between application condi- 
tions such as viscosity, film formation temperature or the 
rate of the spray of the mixture, and the in-surface dis- 
tribution of the formed film thickness. The same applies 
to the case of spin coating. 

[0049] When the organic thin film is produced by dep- 
osition, the measurement system shown in FIG. 8 is 
placed in the vacuum apparatus 201 , and the fluores- 
cence intensity inherent in the organic thin film produced 
by the irradiation of the ultraviolet light during the dep- 
osition of the organic thin film is measured in parallel to 
and at the same time as the deposition process or at 
predetermined time intervals, thereby making it possible 
to control the film thickness. For example, the film thick- 
ness control portion 21 connected to the above digital 
still camera 12 and film thickness measurement portion 
20 feeds the deposition conditions obtained in accord- 
ance with a predetermined algorithm of the CPU (not 
shown) in the film thickness control portion 21 on the 
basis of the measured fluorescence intensity distribu- 
tion or the film thickness distribution calculated from this 
fluorescence intensity, back to the power source of the 
deposition source and/or the shutter controller (not 
shown) capable of controlling the deposition amount, 
thereby allowing the deposition rate of the organic thin 
film and completion of the deposition at a target film 
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thickness to be controlled. 

[0050] According to the present invention, even when 
the organic EL device is constituted of a plurality of or- 
ganic material layers of different components, by use of 
a plurality of band pass filters corresponding to the plu- 
rality of organic material layers, respectively, the thick- 
ness distribution of each organic layer can be meas- 
ured. More specifically, the two-dimensional CCD sen- 
sor 8 or the like sequentially measures each fluores- 
cence having passed through the filter that would allow 
only fluorescence peak wavelengths from the organic 
layers to be measured to pass, among a plurality of flu- 
orescence spectrum wavelengths having a wavelength 
inherent in each material produced at the same time 
from the organic materials constituting the respective or- 
ganic layers, so that the thickness distribution of each 
organic layer can be measured from the intensity distri- 
bution of the peak wavelengths of each fluorescence. 
[0051] Some embodiments of the present invention 
have been illustrated in the drawings and described 
above, but the embodiments of the present invention de- 
scribed herein are given as mere examples, and it is ap- 
parent that various modifications may be made without 
departing from the technical scope of the present inven- 
tion To facilitate the description of the present invention, 
it has only been described that the light source capable 
of emitting an ultraviolet light is used as the light source 
for fluorescent excitation, but it is possible to use a light 
source having a longer wavelength or a light source hav- 
ing a shorter wavelength when necessary. 
[0052] As has been described above, measuring the 
fluorescence intensity of the organic thin film for use in 
the organic EL device according to the present invention 
facilitates the more accurate and simpler measurement 
of the thickness distribution within the surface of the or- 
ganic thin film. It is also possible to successively meas- 
ure each layer at the same time with respect to the or- 
ganic thin film having a plurality of thin layers made of 
different materials. 

[0053] Furthermore, it is possible to readily control the 
growth rate of the organic thin film during an organic thin 
film producing step and control the film thickness. 
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1 . A method for measuring a relative thickness distri- 
bution of an organic thin film (161) for use in an or- 
ganic electroluminescence device (1 6), the method 
being characterized by comprising: 50 

irradiating a predetermined region of the organ- 
ic thin film with a light (13) including an ultravi- 
olet light; 

measuring the intensity of a fluorescence (14) 
produced by the organic thin film in response 
to the light irradiation; 

obtaining a film thickness of the predetermined 



55 



region of the organic thin film from the intensity 
of the fluorescence; and 
obtaining the film thickness distribution of the 
organic thin film from the film thickness of each 
region of the organic thin film. 

The measuring method according to claim 1 , char- 
acterized by comprising: 

placing the organic thin film on an XY movable 
stage (22); and 

scanning light irradiated positions in the organ- 
ic thin film by the XY movable stage. 

A method for measuring a relative thickness distri- 
bution of an organic thin film (161) for use in an or- 
ganic electroluminescence device, the method be- 
ing characterized by comprising: 

irradiating the organic thin film with a light in- 
cluding an ultraviolet light (13); 
measuring, by a two-dimensional sensor (12), 
the intensity of each fluorescence (14) pro- 
duced by each portion of a measurement re- 
gion of the organic thin film in response to the 
light irradiation; 

obtaining the film thickness of each portion of 
the organic thin film from the measured inten- 
sity of the fluorescence; and 
obtaining the film thickness distribution of the 
organic thin film from the film thickness of each 
portion of the organic thin film. 

L The measuring method according to claim 3, char- 
acterized in that the two-dimensional sensor is a 
two-dimensional CCD sensor (8). 

5. A method for forming an organic thin film by a vac- 
uum deposition method, characterized by com- 
prising: 

measuring a film thickness by use of a meas- 
uring method according to any one of claims 1 
to 4 to control the thickness of the organic thin 
film. 

6. A method for forming an organic thin film by a spin 
coat method, characterized by comprising: 

measuring a film thickness by use of a meas- 
uring method according to any one of claims 1 
to 4 to control the thickness of the organic thin 
film. 

7. A method for forming an organic thin film by a spray 
coat method, characterized by comprising: 

measuring a film thickness by use of a meas- 
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uring method according to any one of claims 1 
to 4 to control the thickness of the organic thin 
film. 

8. An apparatus for measuring a relative thickness dis- 5 
tribution of an organic thin film (161) for use in an 
organic electroluminescence device (16), the appa- 
ratus being characterized by comprising: 

means (11) for irradiating a predetermined re- 10 
gion of the organic thin film with a light (13) in- 
cluding an ultraviolet light; 
means (1 2) for measuring the intensity of a flu- 
orescence (14) produced by the organic thin 
film; and 75 
means (20) for obtaining the film thickness of 
the predetermined region from the intensity of 
the fluorescence: 

wherein the film thickness distribution of the 20 
organic thin film is obtained from the film thickness 
of each region of the organic thin film. 

9. The measuring apparatus according to claim 8, 
characterized by further comprising an XY mova- 25 
ble stage (22) which mounts the organic thin film 
thereon and which can scan light irradiated posi- 
tions in the organic thin film. 

10. An apparatus for measuring a relative thickness dis- 30 
tribution of an organic thin film (161) for use in an 
organic electroluminescence device (16), the appa- 
ratus being characterized by comprising: 

means (11) for irradiating a measurement re- 35 
gion of the organic thin film with a light (13) in- 
cluding an ultraviolet light; 
means (12) for measuring the intensity of each 
fluorescence (14) produced by each portion of 
the organic thin film; and *o 
means (20) for obtaining the film thickness of 
each portion of the measurement region from 
the intensity of each fluorescence; 

wherein the film thickness distribution of the 
organic thin film is obtained from the film thickness 
of each portion of the organic thin film. 

11. The film thickness measuring apparatus according 

to claim 10, characterized in that the means for so 
measuring the intensity of each fluorescence is a 
two-dimensional CCD sensor (8). 

12. An apparatus for forming an organic thin film by a 
vacuum deposition method, characterized in that 55 
a film thickness is controlled by a film thickness con- 
trol device for the organic thin film connected to a 
measuring apparatus according to any one of 
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claims 8 to 11 . 

13. An apparatus for forming an organic thin film by a 
spin coat method, characterized in that a film 
thickness is controlled by a film thickness control 
device for the organic thin film connected to a meas- 
uring apparatus according to any one of claims 8 to 
11. 

14. An apparatus for forming an organic thin film by a 
spray coat method, characterized in that a film 
thickness is controlled by a film thickness control 
device (21) for the organic thin film connected to a 
measuring apparatus according to any one of 
claims 8 to 11. 
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